Objective To reconstruct and analyse mortality trends in children younger than 5 years in sub-Saharan Africa between 1950 and 2000. Methods We selected 66 Demographic and Health Surveys and World Fertility Surveys from 32 African countries for analysis. Death rates were calculated by yearly periods for each survey. When several surveys were available for the same country, overlapping years were combined. Country-specific time series were analysed to identify periods of monotonic trends, whether declining, steady or increasing. We tested changes in trends using a linear logistic model. Findings A quarter of the countries studied had monotonic declining mortality trends: i.e. a smooth health transition. Another quarter had long-term declines with some minor rises over short periods of time. Eight countries had periods of major increases in mortality due to political or economic crises, and in seven countries mortality stopped declining for several years. In eight other countries mortality has risen in recent years as a result of paediatric AIDS. Reconstructed levels and trends were compared with other estimates made by international organizations, usually based on indirect methods. Conclusion Overall, major progress in child survival was achieved in sub-Saharan Africa during the second half of the twentieth century. However, transition has occurred more slowly than expected, with an average decline of 1.8% per year. Additionally, transition was chaotic in many countries. The main causes of mortality increase were political instability, serious economic downturns, and emerging diseases. Voir page 477 le résumé en français. En la página 477 figura un resumen en español.
Introduction
The health transition, defined as a steady decline in mortality, has been one of the most important features of demographic changes in the twentieth century, and has had many economic and social cons s sequences. [1] [2] [3] [4] [5] In subsSaharan Africa, the health transition began somewhat later than in other countries. Although much change has occurred there since 1930, most African countries still have high levels of infant and child mortality compared with other regions, with much variation between countries.
To judge the health transition in Africa fairly, it seems most appropriate to consider trends in mortality rather than simply looking at current mortality. In countries where the health transition started later, a relatively high death rate after a period a steady decline in mortals s ity could still indicate a favourable health transition, as is the case in some west African countries. By contrast, a situas s tion of increasing mortality, but with .478 ‫صفحة‬ ‫يف‬ ‫بالعربية‬ ‫امللخص‬ ‫عىل‬ ‫االطالع‬ ‫ميكن‬ a relatively low current mortality could hide a negative change, as is the case in some countries in southern Africa. Documentation of mortality trends will allow a better understanding of the status of the health transition in Africa, and help to identify gaps where further action is needed. The monitoring of mortality trends is particularly impors s tant in children younger than 5 years old, a group that is the main target of public health policies and the most common indicator of mortality levels in develops s ing countries.
Comprehensive vital registration data remain the best source for assesss s ing mortality trends, but these data are not currently available in most African countries. To assess mortality trends, analysts rely on data from demographic sample surveys, or other sources such as mortality data collected in censuses. [6] [7] [8] [9] [10] A synthesis of indirect mortality estimates in Africa was conducted at the World Bank for the period before 1985, [11] [12] and showed a steady decline in mortality in almost all countries investigated. This study was repeated and extended to other countries, and included new estimates for African countries. [13] [14] However, these syntheses suffer from the lack of precision associated with the use of ins s direct methods to estimate trends, and especially trend reversals. Ahmad et al. have completed analysis using direct and indirect estimates, and reconstructing trends by 5syear periods from 1955-59 to 1995-99. 15 This compendium made better use of all available data, in pars s ticular direct estimates provided by Demographic and Health Surveys (DHS). However, although the use of 5syear time periods provided reasonable estimates of mortality levels and major trends, it often obscured the specific time periods when changes in mortality trends occurred. Being able to establish the precise date of reversals in mortality trends is important if the cause of these changes is to be identified.
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In this study we aimed to provide new estimates of trends in mortality in children younger than 5 years in African countries with data from demographic sample surveys. The rationale of this analysis is to identify periods of monos s tonic change, and precise times at which trend changes occur. Here, we present a synthesis of our work; more details at country level are provided in a coms s panion working paper. 16 
Methods
To reconstruct mortality trends, we used data from demographic sample surveys with maternity histories. These data provide dates of birth, and when applis s cable, age at death, for large samples of live births, which allowed us to compute agesspecific death rates for periods many years before the survey. A total of 56 DHS and 10 World Fertility Surveys (WFS) were selected, covering 32 subs Saharan Africa countries. In addition, a Multiple Indicator Cluster Survey (MICS) was included to cover Angola, which had no DHS or WFS survey. This MICS survey was based on a simplified methodology: only birth histories of the last three pregnancies were included, which shortens the retrospective period for estimating mortality trends. The sample included about 70% of all couns s tries and 80% of the total population of continental subsSaharan Africa and Madagascar.
Country mortality estimates
In the first step, we calculated death rates by computing personsyears at risk and date of death. When several surveys were available for the same country, deaths and personsyears were simply added for each age and period, with the respective weights of each survey. Two age groups were considered: infants s hood (<12 months) and early childhood (12-59 months). Life table calculations provided the final estimate of the unders five mortality ratio, q(5), which expresses the probability of dying before the fifth birthday, as is done in DHS surveys.
Search for monotonic periods and inflexion points
In the second step, we searched for monotonic periods of mortality change (i.e. periods of either declining, constant or increasing mortality) and inflexion points (the times at which a change in slope occurred). In a smooth health transition, the rate at which death rates decline (the slope) tends to be constant over long periods of time, with decreases of 4% to 5% per year considered favours s able indicators. The search for inflexion points was first done graphically, and then tested statistically. Once monotonic periods were identified, a linearslogistic model (Logit) was applied, the slope was estimated (the b coefficient of the regress s sion line), and a test was performed to verify whether the change in slopes from one period to the next was significant. We discarded nonssignificant changes in slopes caused by erratic values, and made final estimates for all significant monos s tonic periods. Monotonic trends also allowed us to identify short periods with excess mortality by testing the difference between observed and expected value. The Logit model could be written as:
Where a = intercept and b = slope.
HIV seroprevalence and expected impact of paediatric AIDS
Paediatric acquired immunodeficiency syndrome (AIDS) has become a leading cause of death in many African countries in recent years. The number of AIDSs related deaths is adding to that of other causes of infant and child mortality, and by itself could reverse mortality trends in countries with high human immunos s deficiency syndrome (HIV) prevalence. Paediatric AIDS comes almost entirely from the vertical transmission of the HIV virus from mother to child either during pregnancy, at the time of delivery, or through breastfeeding. 17 We calculated the net effect of paedis s atric AIDS on mortality in unders5syears olds assuming probabilities of vertical transmission, and probabilities of death in children infected with HIV. First, the dynamics of HIV seroprevalence in pregnant women was reconstructed for the 1980-2000 period. Trends in HIV prevalence were estimated from data provided by the AIDS database of the US Bureau of Census, International Programs. For many countries, HIV seroprevalence estimates were available for only a few years between 1980 and year 2000. Only one country -South Africa -had a complete series of data for all years between 1990 and 2000. In other countries, only a few data points were available. Trends in seroprevalence were fitted with a hyperbolic function of the Logit of the proportions of seroposis s tive women, a model that we tested sucs s cessfully on the South African data, and also applied to other countries. In one case where an increase in seroprevalence was halted and even reversed (Uganda), two curves were fitted, one ascending and the other descending. Although based on an ad hoc model, we found that this fitting procedure was suitable for all countries with a sufficient amount of data to test.
Once the dynamics of the HIV epidemic in pregnant women had been reconstructed, we calculated HIV prevas s lence at birth assuming a vertical transs s mission rate of 25%. To calculate paes s diatric AIDS mortality, we used a life table framework and the assumption that 30% of infected children died of HIV/AIDS each year between age 0 and 5 years. These parameters correspond roughly to the mean of several studies conducted in subsSaharan Africa, and are consistent with a pooled analysis of African data.
18s19 For mortality, our estimates match the pooled estimates (52% versus 51% mortality, respectively, within 2 years), although some studies find somewhat lower mortality, so we might have overestimated AIDS mortals s ity in some countries.
To calculate mortality trends withs s out AIDS, it was assumed that causes of death were additive. Our calculations led to a final estimate of 16 per 1000 for Africa as a whole by 2000, which is consistent with the 13 per 1000 estimate published by other authors. 
Results
The list of surveys used for our analyses is shown in Table 1 , and results of the Logit adjustment (intercept and slope) are shown in Table 2 , web version only, available from: http://www.who.int/ bulletin. Where there were available data, we started the reconstruction of trends from 1950; reconstruction began later for countries with incomplete data. Estis s mates stop in the year of the last survey, which ranged between 1987 and 2000.
We calculated average estimates for subsSaharan Africa by weighting the country estimates by the number of
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Typological profiles of health transitions in Africa
The reconstructed trends allowed basic typological profiling of national health transitions in subsSaharan Africa (Fig. 2 ).
Steady mortality decline
Only a few countries had a smooth health transition (Fig. 2a) 
Short periods of excess mortality
Some countries with a steady decline in mortality experienced several years of excess mortality, which although they were statistically significant did not substantially affect overall trends (Fig.  2b) . In Burkina Faso mortality increased 
Changing trends in underfive mortality: political and economic crises
Several countries went through pros s longed periods of mortality increase as a result of a political crisis, an ecos s nomic downturn or civil war (Fig. 2c) 
Stagnation during 1980-2000
We noted periods of stagnation in unders five mortality in the 1980s and 1990s (Fig. 2d) 
Epidemiological crisis (malaria)
Only one country showed evidence of a reversal in mortality trends due to a diss s ease other than HIV/AIDS. In Senegal, mortality in unders5syearsolds increased between 1960 and 1970, an increase closely associated with a rise in malaria morbidity and mortality that followed the failed attempt to eradicate malaria from 1955 to 1959 (Fig. 2e) . Malaria mortality seems to have increased again in the 1990s according to local studies, 20 although there was no discernable effect on allscause mortality.
Mortality increases caused by HIV/AIDS
Paediatric AIDS has had a strong efs s fect on death rates in several countries, sometimes causing or exacerbating mortality increases, and in other cases slowing the rate of mortality decline. The effect is especially evident in southern African countries (Botswana, Namibia, South Africa, Zimbabwe, Zambia), in some eastern African countries (Kenya, Uganda, United Republic of Tanzania), and in western African (Cameroon, Côte d'Ivoire) (Fig. 2f ) . In Namibia, United Republic of Tanzania and Zimbabwe, the increase in undersfive mortality in recent years seems to be entirely attributable to HIV/AIDS, whereas in other countries (Cameroon, Côte d'Ivoire Kenya, South Africa), paediatric AIDS contributed to only part of the increase. In Uganda and Zambia, mortality has declined in recent years, despite a large effect of HIV/AIDS. Our findings show that the net effect of HIV/AIDS in African countries is complex and dependent on a matrix of factors.
Reversal in health transition after discounting HIV/AIDS
In several countries, undersfive mortals s ity remained steady or increased after discounting the effect HIV/AIDS. In South Africa, even after subtracting the effects of paediatric AIDS, undersfive mortality stopped declining after 1993. In Cameroon, undersfive mortality after discounting HIV/AIDS was estimated at 145 per 1000 in 1998, whereas a lower rate (101 per 1000) was expected from previous trends. In Côte d'Ivoire, unders five mortality was still decreasing from 1983 to 1998 after discounting the efs s fect of HIV/AIDS, but was declining more slowly than it was before 1983. In Kenya, undersfive mortality increased after 1985, even after the effect of HIV/ AIDS was discounted, and data from the 2003 DHS survey shows that the rate seems to be still increasing.
Divergent changes in urban and rural areas
In most countries, mortality change did not differ greatly between urban and rural areas. However, several cases of divergent changes were documented. In Burundi, rural mortality declined between 1976 and 1986, whereas it increased in urban areas. In the Central African Republic, mortality increased in rural areas between 1976 and 1990, but declined in urban areas during the same period. In Malawi, urban mortals s ity increased substantially after 1984, but remained unchanged in rural areas. In Mozambique, urban and rural areas experienced different trends during the civil war, which had the greatest effect in the countryside. In Niger, mortals s ity remained unchanged between 1972 and 1992 in rural areas, but continued to decline in urban areas. More details on urban/rural differences in Africa are given elsewhere.
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Recent trends
With data from the new round of DHS surveys becoming available, we were able to check the consistency of previous trends. In Burkina Faso, the downward trend has resumed after the 1994-95 crisis. In Cameroon, the rise in mortality since 1990 stopped around 1996, and a rapid mortality decline has resumed. In Kenya mortality continued to rise at least until 2001. In Ghana, mortality remained steady from 1995 to 2002. In Nigeria, data from the 2003 survey were found to be incompatible with previous estimates, which makes any inference difficult. The last three surveys conducted in Nigeria suggest that mors s tality remained steady since 1985, but mortality levels vary by a ratio of 1 to 2 from survey to survey. In the United Republic of Tanzania, indirect estimates from the 2004 survey suggest a rise in mortality since 1995, probably due to HIV/AIDS.
Discussion
Despite their limitations, data from demographic sample surveys were sufs s ficient to allow us to reconstruct the main trends in undersfive mortality. We were also able to identify some erratic changes, as well as mortality increases due to HIV/AIDS and other causes such as political or economic crises. Results
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Child mortality trends in sub-Saharan Africa Michel Garenne & Enéas Gakusi from this reconstruction indicate that the health transition in Africa has been sustained between 1950 and 2000, with undersfive mortality declining by about 1.8% a year. This decline for the whole continent has been affected by many situational factors, with minor or major mortality increases, and especially by the effect of AIDS. Explanation of these changes, both positive and negative, requires a renewed look at mortality determinants. On one hand, major changes have occurred in the field of public health, including the increased number of physicians per capita, improved vaccination covers s age, and widespread use of modern medicines, as well as urbanization and modern education, all of which have contributed to reductions in mortality. On the other hand, political crises, civil wars, poor state management, and, to a lesser extent, economic crises, have contributed to mortality increases. HIV/AIDS emerged in Africa in the mid 1980s to complicate the health situation, and now accounts for many increases in mortality seen since this time. Fluctuations in the prevalence and severity of malaria may also have played a role in mortality, although this contribution seems small compared to the other factors. Recent mortality increases after discounting the effect of HIV/AIDS require further research. In particular, increases in poverty in large cities might explain mortality increases in places such as Cameroon, Côte d'Ivoire and Kenya. This attempt to reconstruct unders five mortality trends has several advans s tages over earlier estimates. Compared with indirect estimations, which often are out of date and lack precision, the direct estimates seem to provide more robust trends and inflexion points. Compared with earlier WHO estimates, which are based on a mixture of direct and indirect estimates, reconstructed trends are more consistent and often reveal patterns that had been smoothed by the fivesyear estimates. Furthermore, discounting the effects of HIV/AIDS allows for better identification of the pros s portion of mortality trends attributable to emerging diseases, and the proportion due to other causes.
The complexity of demographic dynamics is apparent when examining country data. There is much variation between countries' health transitions in subsSaharan Africa, and are the results of the interference of several factors, the most important of which seem to be political stability, state management, and emerging diseases. The diversity of situations among the countries should be taken into account to better understand the various patterns of undersfive mortality trends seen in subs Saharan Africa during the second part of the twentieth century. O
